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Abstract 
Six ECG patterns are found more frequently in healthy black adults than in whites. These 
patterns are presumably benign, but also may resemble those of malignant disease. 1) Healthy 
black adults show higher QRS voltage, and more often meet ECG criteria for left ventricular 
hypertrophy (LVH). Associated repolarization abnormalities can produce ST segment elevation 
(STE) that resemble ST elevation MI (STEMI). 2) The pattern of benign anterior STE, seen often 
in males, is more common in black subjects. Similar to LVH, this pattern may falsely suggest 
STEMI. 3) Both early repolarization (ER) and benign inferolateral STE are more common in 
black patients. Although they may convey a higher risk of fatal arrhythmias or cardiac death in 
white populations, it does not appear that black subjects with these patterns show a similar risk. 
4) The persistent juvenile T wave inversion pattern shows asymmetric T wave inversion (TWI) 
in V1-V4, without ST segment deviations. It is most common in black females, and is considered 
benign. However, this pattern can also resemble the anterior TWI of arrhythmogenic right 
ventricular cardiomyopathy (ARVC). 5) A pattern of anterior TWI with associated J point 
elevation is a common finding in the black population, especially athletes. It could suggest 
hypertrophic cardiomyopathy, but can be presumed to be a benign finding in black athletes, 
when TWI is limited to V1-V4 and preceded by J point elevation. 6) TWI in the lateral 
precordial leads, usually associated with end-QRS slurring or notches is seen much more often in 
apparently healthy black subjects than white subjects. Unlike the anterior TWI pattern, however, 
it cannot be presumed benign. 
In conclusion, awareness of these ECG patterns may help to avoid unnecessary diagnostic or 
therapeutic interventions, but also encourage appropriate investigations. 
 
Introduction 
We aim to review those ECG patterns found more often in healthy black adults of African 
ancestry than in those of other backgrounds (e.g. white European ancestry). Our review 
highlights that a robust association of “black race” with certain ECG patterns can be found 
across a wide variety of black populations, from African American military veterans to Bantu 
villagers. We focus on adults who are not highly-trained athletes. 
 
The black population is understudied in medicine, and this is no less true in electrocardiography. 
The ECG patterns we review are presumed to be benign, but they also may resemble those of 
rare but malignant disease. Accordingly, the clinician may be led to initiate extensive medical 
investigation, producing unneeded anxiety and costs.  On the other hand, early ECG evidence of 
a malignant condition may be discounted as a nonspecific or benign finding in black patients.  
 
A note on our terminology: We use the term “black” to refer to people with African ancestry and 
dark skin. Of course, this belies the considerable heterogeneity within the “black population,”  
and ignores how race was assigned in each study (e.g. self-assigned versus designated by the 
researchers).2 More specifically, we describe subjects who reside in the United States as “African 
American,” despite the heterogenous character of this population.3 Similarly, African subjects 
are referred to by their nationality; e.g. “black South Africans,” as African sub-populations show 
remarkable diversity in terms of geography, culture, language.1 Different ECG patterns may be 
represented unequally across black African  and American sub-populations.4,5,6 Also, we have 
tried to avoid the term “variant” to describe the ECG patterns described in this review. Just as the 
term “non-white” should be avoided, as it implies that “white” is the norm,2 the use of the term 
“variant” emphasizes the “non-black” ECG patterns as normative. We acknowledge the 
arguments against this terminology as well and expect that future readers may find our language 
outdated. We trust those readers will understand our intent.  
 
Lastly, we must note that the ECG cannot be used to predict or confirm a patient’s racial 
background. 
 
QRS magnitude and criteria for left ventricular hypertrophy 
Higher QRS voltage and greater rates of electrocardiographic LVH are more common in Blacks 
Higher QRS voltage and greater rates of electrocardiographic LVH (most markedly with the 
Sokolow-Lyon criteria), are more common in black subjects compared with white subjects 
(Figure 1).  
 
Figure 1 
 
This racial difference is found whether the subjects are free of heart disease, have hypertension, 
or have overt hypertrophic cardiomyopathy. Up to 24%-30% of healthy young black adults can 
meet Sokolow-Lyon criteria for LVH.7,8,9 Even with adjustment for age and sex, black subjects 
show significantly higher QRS voltage than white subjects (e.g. 23% of black men versus 6% of 
white men10), and fulfill ECG criteria for LVH more often than white subjects.11,12 Similar 
results are seen in patients with hypertension,13,14 or overt hypertrophic cardiomyopathy.15  
 
Of course, differences in QRS voltage, by themselves, are unlikely to be clinically relevant. 
However, a prominent pattern of LVH could complicate assessment of acute cardiac ischemia. 
 
Clinical relevance: Risk of over-diagnosis of STEMI 
The LVH pattern itself is not distinctive in individual black subjects versus whites. However, the 
higher prevalence of the ECG pattern of LVH may lead a disproportionately higher risk of 
overdiagnosis of STEMI in black patients.  
 
An LVH pattern can confound accurate identification of a STEMI.16 When LVH generates a 
deep S wave in V1, there may be associated ST segment elevation in V1 and V2. This secondary 
repolarization phenomenon, commonly described as a “strain” pattern, may mimic an anterior 
wall STEMI.17 No validated criteria accurately diagnose STEMI in the setting of LVH.16 While 
Armstrong et al. suggested that a ratio of ST elevation to QRS magnitude would be useful,18 
others have noted that such criteria would likely be highly insensitive.19 
 
While the strain pattern can occur in a patient of any race, black patients show this pattern more 
often than white patients; among patients with hypertension, 28% of blacks show a strain pattern 
versus only 10% of whites.20,21 This may explain why ECG features of LVH increase the risk of 
an inappropriate cardiac catheterization laboratory activation for STEMI,22,23 and why black 
patients may be at higher risk for this than white patients (Figure 2).22,23   
 
Figure 2 
 
However, it is not clear that black race is an independent risk factor for a false-positive 
activation,18 and more work is needed in this area. Additionally, healthy black patients often 
manifest more anterior ST segment elevation than white patients (this topic is addressed more 
fully in the following section),11 and it is unclear if this baseline ST elevation is additive with the 
ST elevation seen with LVH “strain,” or if it is a distinct phenomenon.  
 
Benign Anterior ST Segment Elevation 
A modest degree of ST segment elevation (STE) in V1-V4 has long been considered a benign 
finding (Figure 3).24 This STE is more prominent in young males,24 and had previously been 
termed the “male pattern.”25,26  
 
Figure 3 
 
The STE is not seen in the inferior and lateral leads, unlike the “classic” pattern of early 
repolarization (ER) (now simply called benign inferolateral STE).27 Nonetheless, this pattern of 
normal anterior STE does not always show the end-QRS features of notching or J point slurring 
that define ER. Benign anterior STE may coexist with, or be conflated with, a true ER pattern,28 
although STE in V1-V3 has usually been excluded from studies of ER.29 The normal anterior 
STE pattern is also distinct from anterior T wave inversion with associated STE, e.g. the “normal 
variant” pattern described by Wang.25 (We discuss that pattern in a subsequent section.) 
 Benign anterior STE is more common in the black population 
Multiple studies support that healthy black men manifest more STE in the anterior leads 
compared with white patients.30,31,32,33,34,11 Furthermore, despite the old description of a “male” 
pattern, this racial difference is seen in females as well, with higher STE in V2 and V3 seen in 
African American females compared with white females.34 Indeed, black females may manifest 
STE in V2 or V3 equal to,31 or higher,33 than that in white males. 
 
Clinical relevance: Benign anterior STE may mimic STEMI 
Dramatic (but benign) anterior STE may falsely suggest an anterior STEMI. While Wang 
suggested that benign anterior STE typically shows a concave ST segment,25 this is not a reliable 
finding.35 A better tool is the subtle STEMI score, first derived as a 3-factor calculation (QTC, 
the height of the R wave in V4,and the height of the ST segment in V3 at 60 ms following the J 
point).36 (Available on-line at https://www.mdcalc.com/subtle-anterior-stemi-calculator) A 4-
factor calculation, using the total QRS amplitude in V2, has also been derived.37 and validated.38 
 
Additionally, patients with marked benign anterior STE should be identified by the clinician, and 
encouraged to carry with them a paper or electronic copy of their baseline ECG.  
 
The Early Repolarization Pattern 
We restrict the term early repolarization (ER) to describe an ECG pattern characterized by end-
QRS slurring and/or notching in the inferior and/or lateral leads (Figure 4).39 However, some 
experts allow benign inferolateral ST elevation, with or without end-QRS notches or slurs, to be 
described as “ER pattern with ST-segment elevation.”27 We avoid this term, but will discuss 
studies that consider benign infero-lateral STE without end-QRS phenomena. We are careful to 
distinguish those from studies that examined true ER. 
 
Figure 4 
 
ER is more common in black populations 
Both ER and the pattern of benign inferolateral STE seem to be more common in black patients 
compared to white patients. Early literature suggested that ER is common in black 
populations,40,41,42,4, 43,44,45,46 Many of these studies were limited by unclear definitions or 
examples. Nonetheless, both the studies that consider benign STE (with or without end-QRS 
notches or slurs), 47,48,49,50 as well as studies that consider true ER,47,51,52 almost all show higher 
prevalence in black patients.47,48,51,53,54 
 
Clinical relevance: “Malignant” ER 
Although ER is, in general, a benign finding, some studies have demonstrated subtypes of ER 
that predicted a higher rate of ventricular fibrillation29 or a higher rate of cardiac death.55 It does 
not appear that black patients with ER have a similar risk of these outcomes, and indeed they 
may have a lower risk compared with whites. Stavrakis et al. found that ER was associated with 
increased all-cause mortality only in “non-African American” subjects (versus the combined 
group of Caucasian and “other” subjects),56 while Muramoto et al. did not find increased 
mortality in either African Americans or “non-African Americans”.51, 53   
Similarly, while benign inferolateral STE is more common in African American than non-
African American patients, increased mortality may only be seen in the non-African American 
subjects,48 or be unrelated to race.50 Studies that evaluate J point elevation (JPE) as an ER 
“surrogate” suggest that only white patients with JPE had higher rates of sudden cardiac 
death.49,57 but these studies lacked details on JPE definition, and are hard to compare directly to 
the rest of the ER literature.58 
 
The Persistent Juvenile T Wave Pattern 
The persistent juvenile T wave pattern consists of asymmetric T wave inversion seen in V1 
through to V3 or V4. These inversions show a slow descent, with a relatively brisk upstroke, and 
there is no associated ST segment deviation (Figure 5).59,60,61 It is named because it resembles 
the normal child’s ECG,62,63 As a child ages towards adolescence, the T waves gradually “flip” 
upright, starting in the left-most leads first. When this otherwise “juvenile” pattern is seen in an 
adult, it has been termed the “persistent juvenile T wave pattern.”64 
 Figure 5 
 
Juvenile T wave pattern is more common in black patients 
This pattern was recognized as early as 1946, found predominantly in black subjects, and 
especially women, with prevalence of 2.1% to 4.6%.65,30,44 66  The older literature can often be 
difficult to interpret, as many studies term a variety of patterns (i.e. overt ST deviation in 
addition to T-wave inversion) as "juvenile pattern".40,67,68  Contemporary literature supports the 
view that the juvenile pattern is more common in blacks than whites,69,70,71,9 and more often in 
females than males,72 and is especially common in black females.59,69 Lastly, this pattern is not 
clearly related to strenuous athletic training,73,74 although the evidence is mixed.70 
 
Clinical relevance: The juvenile pattern resembles arrhythmogenic right ventricular 
cardiomyopathy. 
Clearly, anterior T wave inversion can be caused by a number of cardiopulmonary conditions. 
However, some of these conditions may present with suggestive symptoms, and/or can be 
excluded using laboratory or imaging studies 
 
Arrhythmogenic right ventricular cardiomyopathy (ARVC) – at least in the early stages – may 
show certain ECG signs in the absence of marked symptoms. The differential diagnosis of the 
juvenile T wave pattern in a patient with mild or absent symptoms should include ARVC. 
Anterior T wave inversion is now considered one of the major criteria for diagnosis of ARVC,75 
and is far more sensitive than the finding of an epsilon wave. ARVC should be considered when 
T wave inversion extends throughout V1-V3.60,70,76 Unfortunately, there is scant literature that 
suggests the prevalence of ARVC in Black populations. A US-based registry of ARVC cases has 
enrolled very few black patients;77 only one patient was included in the most recent study (versus 
432 white patients).78 Accordingly, the prevalence of ARVC in black non-athletes with an ECG 
pattern that otherwise suggests persistent juvenile T wave inversion is unknown, and the 
clinician risks both over- and under-testing. 
Precordial T wave Inversion with J point Elevation 
Inverted or biphasic T waves, in combination with J point elevation, may be seen in the 
precordial leads of healthy black subjects more often than in white subjects. This was suggested 
in studies starting in the mid-20th century that examined both African and African American 
cohorts. The prevalence of precordial T wave inversions in these studies ranged from 10% of 
hospitalized African Americans67  to 25%- 34% in African populations.40,42 Other studies found 
that precordial T wave inversion were markedly more common in black populations than in 
white populations,65,4,30  
 Inconsistent definitions, examples, and terms, have made it difficult to analyze this older 
literature. For example, these precordial inversions received a variety of names; “juvenile 
pattern,67” “Pattern I,40” “the other variant,79” the “normal ST-T wave variant,24,80” and as 
“benign T wave inversion.81” We will focus on the contemporary literature. 
 
The T wave inversions may be seen predominantly in the anterior leads (V1-V3) or in the lateral 
leads (V4-V6). 30,40,65,67,24,80 There are different implications for T wave inversions in these two 
regions, so we discuss them separately. We first discuss the anterior pattern in this section, and 
the lateral pattern in the next.  
 
Anterior T wave inversion  
The TWI is usually biphasic, with terminal TWI. J point elevation is seen in those same leads, 
often with convex-upwards STE (figure 6). This J point (± STE) distinguishes this pattern from 
the anterior TWI seen in the persistent juvenile T wave pattern. 
 Figure 6 
 
Anterior T wave inversion is more common in the black population 
Older studies found that anterior TWI was found in 3%-10% of black Africans or African 
Americans,30,40,65,67 but not in white subjects.65 More contemporary literature finds that anterior 
TWI can be found in 4.2% of healthy, non-athletic black males.82 By contrast, anterior TWI is 
seen in only 1.9% of white male athletes,82 and rarely extends past V2.83 The prevalence in non-
athletic middle aged white men is even lower (0.5%).72 Similarly, this pattern is found in 14% of 
black European female athletes, but only 2% of white female athletes.71  
 
Clinical relevance: Anterior TWI could suggest HCM or ARVC. 
This pattern was found in over 12% of black European male athletes,82 and is recognized as a 
benign feature in the black athlete.84 This may be true in athletes of any race: one study has 
demonstrated that the combination of J point elevation >0.1mV and TWI limited to V1-4 ruled 
out arrhythmogenic right ventricular cardiomyopathy and hypertrophic cardiomyopathy, 
regardless of ethnicity.85 In the absence of J point elevation, HCM or ARVC must still be 
considered. The literature hasn’t specifically addressed whether this pattern of anterior TWI with 
J point elevation can be presumed benign in non-athletes, black or white (figure 6b). 
 
Lateral T wave Inversion 
TWI in the lateral leads is associated with myriad conditions.86 Many etiologies would be 
suggested by a patient’s symptoms (e.g. stress cardiomyopathy, acute ischemia, pulmonary 
embolus), while others may be relatively asymptomatic, but would be suggested by their medical 
history (e.g. chronic cardiomyopathy, medications). In particular, left ventricular hypertrophy 
caused by chronic hypertension may produce a “strain” pattern, with characteristic asymmetric 
lateral TWI, usually with an associated downsloping ST segment.87 
 
However, lateral TWI may also occasionally be found in apparently healthy (and specifically 
non-hypertensive) patients. (figure 7) The ECGs of these subjects will usually show the end-QRS 
notching and/or slurs of the ER pattern, often with associated J-point elevation.45 TWI may also 
be concurrently seen in the inferior leads.24,81 Similar to the ER pattern, the lateral TWI pattern 
can be labile over time.24 
 
Figure 7 
 
Lateral T wave inversion is more common in the black population 
Older literature suggested that apparently healthy black men occasionally had TWI in the lateral 
precordial leads.45 Contemporary literature has found this pattern in 3.3% - 4.2% of male black 
non-athletes.80,82,8 It is much less frequently seen in black females, and is rare in white men or 
women.80 
  
While the lateral TWI pattern has been noted in black athletes, 5 it does not appear to be related 
to athletic training. It is found in black athletes and black controls at statistically similar rates 
(4.1 % vs 3.4%).82 
 
Clinical relevance: Lateral TWI may indicate HCM. 
As mentioned above, this pattern can often be seen in apparently healthy black men. However, it 
cannot be presumed to be benign. Lateral TWI is seen in about 70% of black patients with HCM, 
and so evaluation with echocardiography should be considered, and possibly cardiac magnetic 
resonance imaging, depending on the clinical context (e.g. a history of unexplained syncope). It 
is worth emphasizing that these ECG findings can precede development of overt hypertrophy. If 
imaging does not demonstrate overt HCM, the patient still requires periodic reevalution to follow 
for an evolving HCM phenotype. 
 
Nonetheless, lateral TWI will likely be far less specific for HCM in black subjects than in white 
subjects, because lateral TWI are about 10 times more common in black athletes or healthy black 
(negative echocardiography) controls than in white athletes.82,8 The high prevalence of this T 
wave pattern in otherwise healthy black subjects could raise a concern with over-testing for 
HCM in this population. 
 
This potential for over-testing was relatively small in white athletes. It may still be tolerable 
when such testing is limited to elite black and white athletes in organized sports; the absolute 
number of cases is not likely to strain health-care resources. However, it is unclear if 3%-4% of 
apparently healthy black men and women could realistically be screened with echocardiography 
± cardiac magnetic resonance.  
 
The utility of lateral TWI for ECG screening of HCM relies on understanding the pre-test 
probability of the disease.88 However, the prevalence of HCM in the general black population is 
understudied: Only 5% of patients in a U.S. registry of HCM were black.89 While the prevalence 
of HCM could be lower in the black population, there is also concern that this represents under-
diagnosis and consequent under-enrollment in studies.90 Evaluation of lateral TWI in black 
athletes requires a thorough investigation to exclude cardiomyopathy and also avoid unnecessary 
restriction from sports. However, the markedly higher rate of lateral TWI in black subjects raises 
the concern of generating unnecessary costs and anxiety, for athletes and non-athletes alike.90 
Further study is needed to clarify these issues. 
 
 
 
 
  
 
 
Conclusion 
There are several forms of ST and/or T-wave changes which are more prevalent in black 
populations.  Clinical presentation will dictate further investigation of these ECG patterns, and 
this approach has been refined in the black athlete population. However, some experts have 
argued for applying sports screening guidelines to a broader non-athlete population.91  It is 
unclear how the criteria developed for interpreting the ECGs of black athletes should be applied 
to black non-athletes, and vice versa, and there is the potential for both type I and type II errors. 
Widespread ECG screening in low-risk populations can potentially increase cardiac testing 
without affecting rates of intervention or morbidity.92,93  Awareness of these differences may 
help to avoid unnecessary diagnostic or therapeutic interventions of benign ECG patterns, but 
also encourage prompt appropriate investigation of suspect patterns. 
  
1.  Rotimi CN, Tekola-Ayele F, Baker JL, Shriner D. The African Diaspora: History, Adaptation and Health. Curr 
Opin Genet Dev. 2016;41:77-84. doi:10.1016/j.gde.2016.08.005 
2.  Kaplan JB, Bennett T. Use of race and ethnicity in biomedical publication. JAMA. 2003;289(20):2709-2716. 
doi:10.1001/jama.289.20.2709 
3.  Agyemang C, Bhopal R, Bruijnzeels M. Negro, Black, Black African, African Caribbean, African American or 
what? Labelling African origin populations in the health arena in the 21st century. J Epidemiol Community 
Health. 2005;59(12):1014-1018. doi:10.1136/jech.2005.035964 
4.  Walker ARP, Walker BF. The bearing of race, sex, age, and nutritional state on the precordial 
electrocardiograms of young South African Bantu and Caucasian subjects. Am Heart J. 1969;77(4):441-459. 
doi:10.1016/0002-8703(69)90153-7 
5.  Di Paolo FM, Schmied C, Zerguini YA, et al. The Athlete’s Heart in Adolescent Africans: An 
Electrocardiographic and Echocardiographic Study. J Am Coll Cardiol. 2012;59(11):1029-1036. 
doi:10.1016/j.jacc.2011.12.008 
6.  Riding NR, Sharma S, McClean G, Adamuz C, Watt V, Wilson MG. Impact of geographical origin upon the 
electrical and structural manifestations of the black athlete’s heart. Eur Heart J. doi:10.1093/eurheartj/ehy521 
7.  Mann P, Munseri P, Missanga M, et al. High prevalence of ST-elevation, early repolarization, and left 
ventricular hypertrophy during the eligibility assessment for an HIV vaccine trial in young, healthy Tanzanians. 
Clin Trials Regul Sci Cardiol. 2017;26:1-6. doi:10.1016/j.ctrsc.2017.03.001 
8.  Lohrmann GM, Peters F, Srivathsan K, Essop MR, Mookadam F. Electrocardiographic Abnormalities in 
Disease-Free Black South Africans and Correlations With Echocardiographic Indexes and Early Repolarization. 
Am J Cardiol. 2016;118(5):765-770. doi:10.1016/j.amjcard.2016.06.006 
9.  Sliwa K, Lee GA, Carrington MJ, Obel P, Okreglicki A, Stewart S. Redefining the ECG in urban South 
Africans: Electrocardiographic findings in heart disease-free Africans. Int J Cardiol. 2013;167(5):2204-2209. 
doi:10.1016/j.ijcard.2012.06.005 
10.  Walsh JA, Prineas R, Daviglus ML, et al. Prevalence of Electrocardiographic Abnormalities in a Middle-Aged, 
Biracial Population: Coronary Artery Risk Development in Young Adults (CARDIA) Study. J Electrocardiol. 
2010;43(5):385.e1-385.e9. doi:10.1016/j.jelectrocard.2010.02.001 
11.  Macfarlane PW, Katibi IA, Hamde ST, et al. Racial differences in the ECG--selected aspects. J Electrocardiol. 
2014;47(6):809-814. doi:10.1016/j.jelectrocard.2014.08.003 
12.  Vitelli MPH LL, Crow MD RS, Shahar MD E, Hutchinson MD RG, Rautaharju MD P Pentti M, Folsom MD 
AR. Electrocardiographic Findings in a Healthy Biracial Population. Am J Cardiol. 1998;81(4):453-459. 
doi:10.1016/S0002-9149(97)00937-5 
13.  Okin PM, Wright JT, Nieminen MS, et al. Ethnic differences in electrocardiographic criteria for left ventricular 
hypertrophy: the LIFE study. Losartan Intervention For Endpoint. Am J Hypertens. 2002;15(8):663-671. 
14.  Gottdiener JS, Reda DJ, Materson BJ, et al. Importance of obesity, race and age to the cardiac structural and 
functional effects of hypertension. J Am Coll Cardiol. 1994;24(6):1492-1498. doi:10.1016/0735-
1097(94)90145-7 
15.  Sorensen LL, Pinheiro A, Dimaano VL, et al. Comparison of Clinical Features in Blacks Versus Whites With 
Hypertrophic Cardiomyopathy. Am J Cardiol. 2016;117(11):1815-1820. doi:10.1016/j.amjcard.2016.03.017 
16.  Birnbaum Y, Alam M. LVH and the diagnosis of STEMI - how should we apply the current guidelines? J 
Electrocardiol. 2014;47(5):655-660. doi:10.1016/j.jelectrocard.2014.06.001 
17.  McCabe JM, Armstrong EJ, Kulkarni A, et al. Prevalence and Factors Associated With False-Positive ST-
Segment Elevation Myocardial Infarction Diagnoses at Primary Percutaneous Coronary Intervention–Capable 
Centers: A Report From the Activate-SF Registry. Arch Intern Med. 2012;172(11):864-871. 
doi:10.1001/archinternmed.2012.945 
18.  Armstrong EJ, Kulkarni AR, Bhave PD, et al. Electrocardiographic Criteria for ST-Elevation Myocardial 
Infarction in Patients With Left Ventricular Hypertrophy. Am J Cardiol. 2012;110(7):977-983. 
doi:10.1016/j.amjcard.2012.05.032 
19.  Miranda DF, Lobo A, Walsh B, Sandoval Y, Smith SW. New Insights into the Use of the 12-lead 
Electrocardiogram for Diagnosing Acute Myocardial Infarction in the Emergency Department. Can J Cardiol. 
2017. doi:10.1016/j.cjca.2017.11.011 
20.  Okin PM, Devereux RB, Nieminen MS, et al. 888-3 Racial differences in the prognostic value of the 
electrocardiographic strain pattern in hypertensive patients: The LIFE study. J Am Coll Cardiol. 
2004;43(5s2):A530-A531. doi:10.1016/S0735-1097(04)92251-6 
21.  Okin PM, Kjeldsen SE, Julius S, Dahlöf B, Devereux RB. Racial differences in sudden cardiac death among 
hypertensive patients during antihypertensive therapy: The LIFE study. Heart Rhythm. 2012;9(4):531-537. 
doi:10.1016/j.hrthm.2011.11.008 
22.  Shamim S, McCrary J, Wayne L, Gratton M, Bogart DB. Electrocardiograhic findings resulting in 
inappropriate cardiac catheterization laboratory activation for ST-segment elevation myocardial infarction. 
Cardiovasc Diagn Ther. 2014;4(3):215-223. doi:10.3978/j.issn.2223-3652.2014.05.01 
23.  Musey PI, Studnek JR, Garvey L. Characteristics of ST Elevation Myocardial Infarction Patients Who Do Not 
Undergo Percutaneous Coronary Intervention After Prehospital Cardiac Catheterization Laboratory Activation. 
Crit Pathw Cardiol. 2016;15(1):16-21. doi:10.1097/HPC.0000000000000069 
24.  Surawicz B, Knilans T. Chapter 1: Normal Electrocardiogram. In: Chou’s Electrocardiography in Clinical 
Practice: Adult and Pediatric. 6th ed. Saunders; 2008. 
25.  Wang K, Asinger RW, Marriott HJL. ST-Segment Elevation in Conditions Other Than Acute Myocardial 
Infarction. N Engl J Med. 2003;349(22):2128-2135. doi:10.1056/NEJMra022580 
26.  Surawicz B, Parikh SR. Prevalence of male and female patterns of early ventricular repolarization in the normal 
ECG of males and females from childhood to old age. J Am Coll Cardiol. 2002;40(10):1870-1876. 
doi:10.1016/S0735-1097(02)02492-0 
27.  Patton KK, Ellinor PT, Ezekowitz M, et al. Electrocardiographic Early Repolarization: A Scientific Statement 
From the American Heart Association. Circulation. 2016;133(15):1520-1529. 
doi:10.1161/CIR.0000000000000388 
28.  Huang HD, Birnbaum Y. ST elevation: differentiation between ST elevation myocardial infarction and 
nonischemic ST elevation. J Electrocardiol. 2011;44(5):494.e1-494.e12. 
doi:10.1016/j.jelectrocard.2011.06.002 
29.  Haïssaguerre M, Derval N, Sacher F, et al. Sudden Cardiac Arrest Associated with Early Repolarization. N 
Engl J Med. 2008;358(19):2016-2023. doi:10.1056/NEJMoa071968 
30.  Gottschalk CW, Craige E. A comparison of the precordial S-T and T waves in the electrocardiograms of 600 
healthy young Negro and white adults. South Med J. 1956;49(5):453-457. 
31.  Reddy VK, Gapstur SM, Prineas R, Colangelo LA, Ouyang P, Kadish AH. Ethnic Differences in ST Height in 
the Multi-Ethnic Study of Atherosclerosis. Ann Noninvasive Electrocardiol Off J Int Soc Holter Noninvasive 
Electrocardiol Inc. 2008;13(4):341-351. doi:10.1111/j.1542-474X.2008.00252.x 
32.  Leo T, Uberoi A, Jain NA, et al. The impact of ST elevation on athletic screening. Clin J Sport Med Off J Can 
Acad Sport Med. 2011;21(5):433-440. doi:10.1097/JSM.0B013E31822CF105 
33.  Muramoto D, Singh N, Aggarwal S, et al. Spectrum of ST amplitude: athletes and an ambulatory clinical 
population. J Electrocardiol. 2013;46(5):427-433. doi:10.1016/j.jelectrocard.2013.06.009 
34.  Rautaharju PM, Zhang Z, Haisty Jr. WK, et al. Race- and sex-associated differences in rate-adjusted QT, 
QTpeak, ST elevation and other regional measures of repolarization: The Atherosclerosis Risk in Communities 
(ARIC) Study. J Electrocardiol. 2014;47(3):342-350. doi:10.1016/j.jelectrocard.2014.01.012 
35.  Smith SW. Upwardly concave ST segment morphology is common in acute left anterior descending coronary 
occlusion. J Emerg Med. 2006;31(1):69-77. doi:10.1016/j.jemermed.2005.09.008 
36.  Smith SW, Khalil A, Henry TD, et al. Electrocardiographic differentiation of early repolarization from subtle 
anterior ST-segment elevation myocardial infarction. Ann Emerg Med. 2012;60(1):45-56.e2. 
doi:10.1016/j.annemergmed.2012.02.015 
37.  Driver BE, Khalil A, Henry T, Kazmi F, Adil A, Smith SW. A New 4-Variable Formula to Differentiate 
Normal Variant ST Segment Elevation in V2-V4 (Early Repolarization) from Subtle Left Anterior Descending 
Coronary Occlusion - Adding QRS Amplitude of V2 Improves the Model. J Electrocardiol. 
doi:10.1016/j.jelectrocard.2017.04.005 
38.  Bozbeyoğlu E, Aslanger E, Yıldırımtürk Ö, et al. A tale of two formulas: Differentiation of subtle anterior MI 
from benign ST segment elevation. Ann Noninvasive Electrocardiol. 0(0):e12568. doi:10.1111/anec.12568 
39.  Macfarlane PW, Antzelevitch C, Haissaguerre M, et al. The Early Repolarization Pattern: A Consensus Paper. J 
Am Coll Cardiol. 2015;66(4):470-477. doi:10.1016/j.jacc.2015.05.033 
40.  Grusin H. Peculiarities of the African’s Electrocardiogram and the Changes Observed in Serial Studies. 
Circulation. 1954;9(6):860-867. doi:10.1161/01.CIR.9.6.860 
41.  Seriki O, Smith AJ. The electrocardiogram of young Nigerians. Am Heart J. 1966;72(2):153-157. 
doi:10.1016/0002-8703(66)90438-8 
42.  Somers K, Rankin AM. THE ELECTROCARDIOGRAM IN HEALTHY EAST AFRICAN (BANTU AND 
NILOTIC) MEN. Br Heart J. 1962;24(5):542-548. 
43.  Goldman MJ. RS-T Segment elevation in mid- and left precordial leads as a normal variant. Am Heart J. 
1953;46(6):817-820. doi:10.1016/0002-8703(53)90080-5 
44.  Thomas J, Harris E, Lassiter G. Observations on the T wave and S-T segment changes in the precordial 
electrocardiogram of 320 young Negro adults∗. Am J Cardiol. 1960;5(4):468-472. doi:10.1016/0002-
9149(60)90102-8 
45.  Kambara H, Phillips J. Long-term evaluation of early repolarization syndrome (normal variant RS-T segment 
elevation). Am J Cardiol. 1976;38(2):157-161. doi:10.1016/0002-9149(76)90142-9 
46.  Klatsky AL, Oehm R, Cooper RA, Udaltsova N, Armstrong MA. The early repolarization normal variant 
electrocardiogram: correlates and consequences. Am J Med. 2003;115(3):171-177. doi:10.1016/S0002-
9343(03)00355-3 
47.  Uberoi A, Jain NA, Perez M, et al. Early Repolarization in an Ambulatory Clinical Population. Circulation. 
2011;124(20):2208-2214. doi:10.1161/CIRCULATIONAHA.111.047191 
48.  Perez MV, Uberoi A, Jain NA, Ashley E, Turakhia MP, Froelicher V. The prognostic value of early 
repolarization with ST-segment elevation in African Americans. Heart Rhythm. 2012;9(4):558-565. 
doi:10.1016/j.hrthm.2011.11.020 
49.  Olson KA, Viera AJ, Soliman EZ, Crow RS, Rosamond WD. Long-term prognosis associated with J-point 
elevation in a large middle-aged biracial cohort: the ARIC study. Eur Heart J. 2011;32(24):3098-3106. 
doi:10.1093/eurheartj/ehr264 
50.  Ilkhanoff L, Soliman EZ, Prineas RJ, et al. Clinical Characteristics and Outcomes Associated With the Natural 
History of Early Repolarization in a Young, Biracial Cohort Followed to Middle AgeCLINICAL 
PERSPECTIVE: The Coronary Artery Risk Development in Young Adults (CARDIA) Study. Circ Arrhythm 
Electrophysiol. 2014;7(3):392-399. doi:10.1161/CIRCEP.113.000874 
51.  Muramoto D, Yong CM, Singh N, et al. Patterns and prognosis of all components of the J-wave pattern in 
multiethnic athletes and ambulatory patients. Am Heart J. 2014;167(2):259-266. doi:10.1016/j.ahj.2013.10.027 
52.  Clark EN, Macfarlane PW. Ethnic variation in prevalence of end QRS notching and slurring in apparently 
healthy populations. In: Computing in Cardiology 2014. ; 2014:1145-1148. 
53.  Pargaonkar VS, Perez MV, Jindal A, Mathur MB, Myers J, Froelicher VF. Long-term prognosis of early 
repolarization with J-wave and QRS slur patterns on the resting electrocardiogram: a cohort study. Ann Intern 
Med. 2015;163(10):747-755. doi:10.7326/M15-0598 
54.  Perez MV, Froelicher V. J wave patterns and their prognostic value in African Americans. J Electrocardiol. 
2013;46(5):442-445. doi:10.1016/j.jelectrocard.2013.06.015 
55.  Tikkanen JT, Anttonen O, Junttila MJ, et al. Long-term outcome associated with early repolarization on 
electrocardiography. N Engl J Med. 2009;361(26):2529-2537. 
56.  Stavrakis Stavros, Patel Nishit, Te Charles, et al. Development and Validation of a Prognostic Index for Risk 
Stratification of Patients with Early Repolarization. Ann Noninvasive Electrocardiol. 2012;17(4):361-371. 
doi:10.1111/j.1542-474X.2012.00533.x 
57.  Kelly JP, Greiner M, Soliman EZ, et al. Relation of Early Repolarization (J-Point Elevation) to Mortality in 
Blacks (From the Jackson Heart Study). Am J Cardiol. April 2018. doi:10.1016/j.amjcard.2018.04.004 
58.  Walsh BM. J point elevation needs to be defined, and is not synonymous with early repolarization. Am J 
Cardiol. June 2018. doi:10.1016/j.amjcard.2018.05.034 
59.  Kaid KA, Maqsood A, Cohen M, Rothfeld E. Further characterization of the “persistent juvenile T-wave 
pattern” in adults. J Electrocardiol. 2008;41(6):644-645. doi:10.1016/j.jelectrocard.2008.08.028 
60.  Marcus FI. Prevalence of T-Wave Inversion Beyond V1 in Young Normal Individuals and Usefulness for the 
Diagnosis of Arrhythmogenic Right Ventricular Cardiomyopathy/dysplasia. Am J Cardiol. 2005;95(9):1070-
1071. doi:10.1016/j.amjcard.2004.12.060 
61.  Suarez RM, Suarez Jr. RM. The T wave of the precordial electrocardiogram at different age levels. Am Heart J. 
1946;32(4):480-493. doi:10.1016/0002-8703(46)90648-5 
62.  Chan TC, Sharieff GQ, Brady WJ. Electrocardiographic Manifestations: Pediatric ECG. J Emerg Med. 
2008;35(4):421-430. doi:10.1016/j.jemermed.2007.09.039 
63.  Sharieff GQ, Rao SO. The pediatric ECG. Emerg Med Clin North Am. 2006;24(1):195-208, vii-viii. 
doi:10.1016/j.emc.2005.08.014 
64.  Walsh BM, Smith SW. “Persistent Juvenile” T-Wave Pattern May Not Be Persistent: Case Series and Literature 
Review. J Emerg Med. 2015. doi:10.1016/j.jemermed.2015.06.064 
65.  Littmann D. Persistence of the juvenile pattern in the precordial leads of healthy adult negroes, with report of 
electrocardiographic survey on three hundred negro and two hundred white subjects. Am Heart J. 
1946;32(3):370-382. doi:10.1016/0002-8703(46)90797-1 
66.  Ashcroft MT, Miller GJ, Beadnell HMSG, Swan AV. A comparison of T-wave inversion, S-T elevation, and 
RS amplitudes in precordial leads of Africans and Indians in Guyana. Am Heart J. 1971;81(4):467-475. 
doi:10.1016/0002-8703(71)90360-7 
67.  Wasserburger RH. Observations on the “juvenile pattern” of adult Negro males. Am J Med. 1955;18(3):428-
437. doi:10.1016/0002-9343(55)90223-0 
68.  Blackman NS, Kuskin L. Inverted T waves in the precordial electrocardiogram of normal adolescents. Am 
Heart J. 1964;67(3):304-312. doi:10.1016/0002-8703(64)90004-3 
69.  Assali A-R, Khamaysi N, Birnbaum Y. Juvenile ECG pattern in adult black arabs. J Electrocardiol. 
1997;30(2):87-90. doi:10.1016/S0022-0736(97)80014-3 
70.  Malhotra A, Dhutia H, Gati S, et al. 103 Prevalence and significance of anterior T wave inversion in females. 
Heart Br Card Soc. 2014;100 Suppl 3:A60. doi:10.1136/heartjnl-2014-306118.103 
71.  Rawlins J, Carre F, Kervio G, et al. Ethnic Differences in Physiological Cardiac Adaptation to Intense Physical 
Exercise in Highly Trained Female Athletes. Circulation. 2010;121(9):1078-1085. 
doi:10.1161/CIRCULATIONAHA.109.917211 
72.  Aro AL, Anttonen O, Tikkanen JT, et al. Prevalence and Prognostic Significance of T-Wave Inversions in 
Right Precordial Leads of a 12-Lead Electrocardiogram in the Middle-Aged Subjects. Circulation. 
2012;125(21):2572-2577. doi:10.1161/CIRCULATIONAHA.112.098681 
73.  Sharma S, Whyte G, Elliott P, et al. Electrocardiographic changes in 1000 highly trained junior elite athletes. Br 
J Sports Med. 1999;33(5):319-324. 
74.  Corrado D, Biffi A, Basso C, Pelliccia A, Thiene G. 12-lead ECG in the athlete: physiological versus 
pathological abnormalities. Br J Sports Med. 2009;43(9):669-676. doi:10.1136/bjsm.2008.054759 
75.  Marcus FI, McKenna WJ, Sherrill D, et al. Diagnosis of Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia Proposed Modification of the Task Force Criteria. Circulation. 2010;121(13):1533-
1541. doi:10.1161/CIRCULATIONAHA.108.840827 
76.  Sharma S, Drezner JA, Baggish A, et al. International Recommendations for Electrocardiographic 
Interpretation in Athletes. J Am Coll Cardiol. 2017;69(8):1057-1075. doi:10.1016/j.jacc.2017.01.015 
77.  Dalal D, Nasir K, Bomma C, et al. Arrhythmogenic Right Ventricular Dysplasia A United States Experience. 
Circulation. 2005;112(25):3823-3832. doi:10.1161/CIRCULATIONAHA.105.542266 
78.  Groeneweg JA, Bhonsale A, James CA, et al. Clinical Presentation, Long-Term Follow-Up, and Outcomes of 
1001 Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy Patients and Family MembersCLINICAL 
PERSPECTIVE. Circ Genomic Precis Med. 2015;8(3):437-446. doi:10.1161/CIRCGENETICS.114.001003 
79.  Wang K. ECG Self-Study Book. 1/e. Jaypee Brothers Medical Pub; 2014. 
80.  Roukoz H, Wang K. ST Elevation and Inverted T Wave as Another Normal Variant Mimicking Acute 
Myocardial Infarction: The Prevalence, Age, Gender, and Racial Distribution. Ann Noninvasive Electrocardiol. 
2011;16(1):64-69. doi:10.1111/j.1542-474X.2010.00410.x 
81.  Smith S. Benign T-wave Inversion: view video or read text. Dr Smiths ECG Blog. March 2012. http://hqmeded-
ecg.blogspot.com/2012/03/benign-t-wave-inversion.html. Accessed December 6, 2014. 
82.  Papadakis M, Carre F, Kervio G, et al. The prevalence, distribution, and clinical outcomes of 
electrocardiographic repolarization patterns in male athletes of African/Afro-Caribbean origin. Eur Heart J. 
2011;32(18):2304-2313. doi:10.1093/eurheartj/ehr140 
83.  Papadakis M, Basavarajaiah S, Rawlins J, et al. Prevalence and significance of T-wave inversions in 
predominantly Caucasian adolescent athletes. Eur Heart J. 2009;30(14):1728-1735. 
doi:10.1093/eurheartj/ehp164 
84.  Hermelin MJ, Prutkin JM. Black athlete electrocardiographic repolarization pattern. J Electrocardiol. 
2018;51(4):680-682. doi:10.1016/j.jelectrocard.2018.05.004 
85.  Calore C, Zorzi A, Sheikh N, et al. Electrocardiographic anterior T-wave inversion in athletes of different 
ethnicities: differential diagnosis between athlete’s heart and cardiomyopathy. Eur Heart J. November 
2015:ehv591. doi:10.1093/eurheartj/ehv591 
86.  Said SA, Bloo R, de Nooijer R, Slootweg A. Cardiac and non-cardiac causes of T-wave inversion in the 
precordial leads in adult subjects: A Dutch case series and review of the literature. World J Cardiol. 
2015;7(2):86-100. doi:10.4330/wjc.v7.i2.86 
87.  Roman MJ, Kligfield P, Devereux RB, et al. Geometric and functional correlates of electrocardiographic 
repolarization and voltage abnormalities in aortic regurgitation. J Am Coll Cardiol. 1987;9(3):500-508. 
88.  Gilbert R, Logan S, Moyer VA, Elliott EJ. Assessing diagnostic and screening tests. West J Med. 
2001;174(6):405-409. 
89.  Wells S, Rowin EJ, Bhatt V, Maron MS, Maron BJ. Association Between Race and Clinical Profile of Patients 
Referred for Hypertrophic Cardiomyopathy. Circulation. 2018;137(18):1973-1975. 
doi:10.1161/CIRCULATIONAHA.117.032838 
90.  Maron BJ, Pelliccia A. The Heart of Trained Athletes Cardiac Remodeling and the Risks of Sports, Including 
Sudden Death. Circulation. 2006;114(15):1633-1644. doi:10.1161/CIRCULATIONAHA.106.613562 
91.  Maron BJ, Estes III NAM, Maron MS. Is It Fair to Screen Only Competitive Athletes for Sudden Death Risk, 
or is It Time to Level the Playing Field? Am J Cardiol. doi:10.1016/j.amjcard.2017.12.043 
92.  Bhatia RS, Bouck Z, Ivers NM, et al. Electrocardiograms in Low-Risk Patients Undergoing an Annual Health 
Examination. JAMA Intern Med. 2017;177(9):1326-1333. doi:10.1001/jamainternmed.2017.2649 
93.  Mahajan S, Krumholz HM. Screening ECGs in low-risk patients are associated with increased risk of 
downstream cardiac testing. BMJ Evid-Based Med. 2018;23(4):150-151. doi:10.1136/bmjebm-2018-110943 
 
  
  
Figure Legends 
Figure 1. ECG of healthy 26-year-old Black male. The precordial QRS voltage satisfies several 
Sokolow-Lyon criteria for left ventricular hypertrophy. Early repolarization is also seen in the 
inferior and lateral leads. 
 
Figure 2. A 38-year-old Black man presented with severe acute onset chest pain. (A) EMS 
activated the cardiac catheterization lab based on the anterior STE, as well as the computer 
interpretation seen on his ECG. However, the ECG was similar to prior ECGs (B), and was 
attributed to LVH due to hypertension. (The apparent new Q waves in (A) are due to high 
placement of the precordial leads.) The patient was ultimately diagnosed with type A aortic 
dissection.  
 
Figure 3. Example of right-precordial STE, “male pattern.”  
23-year-old black male, healthy. Note the STE in V2 and V3. There are no J waves or end-QRS 
slurring. (STE = ST segment elevation) 
 
Figure 4.  A 26-year-old healthy male, no history of hypertension. ER is seen as the end-QRS 
notching in V4 and V5, and end-QRS slurring in leads II, III, aVF, and V6. There is ST-segment 
elevation in anterior leads as well (male variant of STE).  
ER = early repolarization STE = ST segment elevation 
 
Figure 5. ECG from a healthy 20-year-old African American female. Note asymmetric T wave 
inversion in V1-V3 without ST segment elevation. 
 Figure 6. Patterns of anterior T wave inversion in black subjects. (a) A 28 year-old man with a 
normal echocardiogram, (b) a healthy non-athletic 21 year-old man  
 
Figure 7. Examples of lateral TWI in black subjects. (a) 34-year-old man without hypertension 
(b) 36-year-old man without hypertension (c) 47 year-old man with controlled hypertension 
 
